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RAVES" disease consists of one or more of: hyperthyroidism with hyperplasia, infiltrative orbital changes, and infiltrative dermopathy. 22 The ophthalmic form of Graves' disease may occur with or without evidence of hyperthyroidism and either before or following the treatment of hyperthyroidismY '27 It is more likely to occur in females than males, and follows an unpredictable course which may lead to blindness if not treated properly. Exophthalmos occurs in 40% to 70% of hyperthyroid patients, and optic nerve involvement occurs in less than 5% of these cases? The mechanism of the optic neuropathy is not well understood. 9 Trobe, et al., 2v suggested the possibility of interference with axoplasmic flow, and most authors favor a compressive theory. 7 Computerized tomography (CT) scanning has demonstrated indisputable evidence of optic nerve compression by enlarged extraocular muscles. 8,1~ The extraocular muscles may be enlarged as many as 5 diameters. They are firm and rubbery in consistency. Microscopically, there is a characteristic mononuclear cell infiltrate between muscle fibers, associated with mucopolysaccharide deposition. 12 Interestingly, the severity of the proptosis does not correlate with the degree of visual loss. 3,x 1, 27 In addition to the cardinal symptom of proptosis, several other ophthalmic features are frequently observed. Abnormalities of the eyelids include uppereyelid retraction, producing a characteristic "stare," and lagophthalmos (inability to close the eye at rest). Diplopia is a frequent manifestation of extraocular muscle dysfunction. This occurs most commonly in upward gaze, due to the frequent involvement of the inferior recti muscles. 2s In decreasing order of frequency of involvement are the medial recti muscles, the superior recti muscles, the oblique muscles, and the lateral recti muscles. Symptoms of visual loss may be due to exposure keratopathy or compressive optic neuropathy. Exposure keratopathy results from inadequate corneal protection and may consist of corneal ulceration and/ or perforation. In the active phase of the disease, orbital congestion is frequently observed and manifested by conjunetival injection, chemosis, photophobia, and epiphora. 7 The clinical diagnosis of Graves' ophthalmopathy is confirmed by the typical CT features of proptosis of the globe, extraocular muscle swelling (which spares the muscle insertions), optic nerve thickening, and anterior prolapse of the orbital septum. 8'~ Kennerdell, et al., ~ demonstrated optic nerve compression by enlarged extraocular muscles at the orbital apex in all cases of dysthyroid optic neuropathy that were studied. The CT scan excludes other causes of proptosis. Recently described longitudinal orbital projection views are helpful in the study of this condition. ~8
When progressing orbitopathy threatens visual acuity, the cornerstone of treatment is high-dose oral prednisone. 4'7'2~ Trobe, et al., 27 recorded a 48% response rate to prednisone administration for patients whose visual acuity was less than 20/40. A response is usually observed within 72 hours after treatment. The steroids are usually then tapered to the minimal dose that will produce symptomatic relief. Steroids appear to be most effective for the congestive changes associated with orbitopathy. 7 Radiotherapy has also been employedf 7 However, it has several inherent disadvantages.12 There is a 1-to 4-week latent period before a response is observed. It is, therefore, of no use for acutely deteriorating vision. There is the inherent risk of radiation damage and also the risk of producing fibrosis of the orbital contents, thereby potentially reducing the effectiveness of later orbital decompression? Although irradiation is considered to be a conservative mode of therapy, the long-term sequelae do not, in our opinion, justify this view, and we do not recommend it in patients who have not responded to steroids.
In spite of the fact that the pathophysiology of this disease is poorly understood, surgical decompression has been employed for decades. All four walls of the orbit have been removed singly or in combination. The earliest procedures concentrated on a unilateral approach to one wall of the orbit (the lateral orbitotomy), 6'14 the floor of the orbit, l~ the orbital roof, 23 or Decompressions involving ablation of more than one wall produce better results than single-wall procedures, but "undercorrection" remains a significant problem.
More recently, Maroon and KennerdelP 7 described five patients who underwent four-wall decompression through a microsurgical lateral approach to the orbit. Visual acuity and visual fields were impaired preoperatively in only one of these patients. This procedure required a lateral canthotomy and a 35-mm incision to obtain satisfactory exposure. It had the disadvantage of being a unilateral procedure for a disease that is usually bilateral. Importantly, they suggested that the operation be tailored to the patient's individual situation. A different approach to the problem was described recently by Wolfe 3~ who increased the volume of the orbit by expansion of the skeleton rather than by bone ablation. We present our experience with bilateral four-wall orbital decompression in 11 patients treated during the last 3 years.
Summary of Cases

Patient Population
The present series consists of 11 patients (nine women and two men). The patients ranged in age from 25 to 69 years (mean 50 years). The presenting symptoms and signs are listed in Table 1 . All patients presented with proptosis. Nine patients had progressive visual loss, one patient had repeated episodes of corneal ulceration with threatened perforation of the cornea, and one had no abnormality of visual acuity. The duration of proptosis ranged from 1 to 16 years, with a mean of 5.6 years. Nine patients had previously been treated with prednisone, two patients had received radiotherapy, one patient had undergone a three-wall orbital decompression, and two patients had had twowall decompressions (Table 2) .
Six patients had visual acuities worse than 20/200, four had visual acuities in the range of 20/30 to 20/50, and one had normal visual acuity. According to Wer- ner's classification of eye changes in Graves' disease (Table 3) , 29 seven patients belonged to Class 6 (optic nerve involvement), three patients were in Class 5 (corneal involvement), and one patient was in Class 4 (extraocular muscle involvement). Seven other patients with Graves' disease were referred for consideration of orbital decompression because of severe proptosis. One patient had not received an adequate trial of medical treatment and later improved significantly on high-dose prednisone. Five others had stable visual acuity of better than 20/30, in spite of marked exophthalmos. The last patient had upperlid retraction causing a stare, which will be corrected by lid surgery. These patients have been scheduled for regular ophthalmological follow-up monitoring.
Our surgical approach developed in response to the challenge of a 43-year-old woman who presented in May, 1983, with progressive Graves" ophthalmopathy and a visual acuity of 20/400 bilaterally in spite of previous treatment with steroid and radiation therapy. The threat of permanent blindness indicated the need for simultaneous bilateral radical orbital decompressions (Fig. 1 ). Since this case was treated, the radical approach has been applied to 10 other patients.
Operative Technique
Preoperatively, a complete ocular examination is performed by the ophthalmological consultant. Consultations are also made with the Endocrine Service to ensure normal thyroid status preoperatively. Twenty-four hours before surgery, broad-spectrum antibiotics are given intravenously. The head is completely shaved and placed in a Mayfield headrest in a plane flexed 30 ~ from the horizontal. Bilateral temporary stitch tarsorrhaphies are performed. A bicoronal scalp incision is outlined from a point 1 cm anterior to the tragus on either side and, as the scalp incision is made, a bolus dose of mannitol (0.5 to 1.0 gm/kg) is given. The patient is mildly hyperventilated to a pCO2 of between 25 and 30 torr.
After the scalp incision is made, dissection is carried out in a subperiosteal plane to the level of the superior temporal line bilaterally. The plane of dissection is then superficial to the temporal muscle, with care to avoid injury to the frontal branch of the facial nerve. A subperiosteal dissection is continued into the orbit where the periorbita is gently dissected from the orbital roof and the lateral and medial walls. The temporal muscles are then separated from the superior temporal line and the zygomatic arch, leaving a 5-to 10-mm band of fascia along the superior temporal line so that the muscle can be reattached following the decompression. The dissection is carried down into the infratemporal fossa as far as the inferior orbital fissure. The zygomatic buttress is temporarily removed to allow access to the orbital floor.
Two pterional burr holes mark the lateral limits of a bifrontal bone flap, which is carefully elevated. All bone dust is preserved. The frontal sinuses are entered while removing the bone plate, and the mucosa is exenterated from the sinuses. Both frontal lobes are then gently retracted in an extradural plane. An osteotome and high-speed Rose burr are then employed to remove the orbital roof. Anteriorly, the orbital roof is removed complete with the inner table of the skull and the posterior wall of the frontal sinus. Both frontal sinuses are thereby totally ablated. Large (in excess of 5 mm) frontonasal ducts are occluded with a mixture of bone dust and fibrin glue 19 at the conclusion of surgery. Posteriorly, the resection extends to the orbital apex. During the medial dissection of the orbital roof, care is taken not to enter the cribriform plate or to tear the dura. Laterally, the pterional burr hole is extended inferiorly with a high-speed burr, removing the lateral laterally into the newly created space after the zygomatic buttress has been temporarily removed.
wall of the orbit. This cut is extended anteriorly to the zygoma and posteriorly to the temporal dura. Inferiorly, the decompression extends to the pterygomaxillary fissure. During the removal of the orbital floor, the infraorbital nerve is visualized and preserved. The medial wall and adjoining part of the floor of the orbit is removed transcranially as far as the posterior ethmoidal artery. Once the bone around the orbit has been decompressed, the periorbital tissues are carefully incised using both longitudinal and radial incisions. This is followed by dramatic herniation of the orbital tissues into the newly created spaces (Fig. 2) . Intraorbital fat is not dissected in order to avoid damage to the orbital contents. Inferomedially, it is important to avoid damage to the nasolacrimal duct.
Meticulous hemostasis is achieved. The frontozygomatic buttresses and the frontal bone flap are wired back into position. The inner aspect of each burr hole is covered with tantalum mesh, which is held in place by sutures passed through drill holes. This forms a template for a burr-hole plug consisting of bone dust and fibrinogen glue. The temporal muscles are reattached to the previously saved fascial strips. The rest of the closure is routine.
The tarsorrhaphy sutures are left in place for 2 to 3 days postoperatively. A subgaleal drain is retained for 24 hours after surgery. Intravenous antibiotics are continued for 72 hours, and the patient is closely observed for any evidence of cerebrospinal fluid (CSF) rhinorrhea.
Operative Results
The effects of surgery on visual acuity are listed in Table 4 Table 4 . The amount of globe recession ranged from 1 to 14 m m (mean 7 mm). Papilledema resolved in both cases in which it was present.
Evaluation by postoperative CT scanning confirmed extensive decompression of the orbits. This has been demonstrated both on transaxial and longitudinal orbital CT projections which show absence of the lateral wall, absence of the medial wall associated with herniation of the orbital contents toward the midline (Figs.  3 and 4) , and absence of the orbital roof and floor. Two patients with documented preoperative double vision suffered a transient worsening of diplopia.
There was no major morbidity or mortality. No CSF leak or meningitis was recorded. A palsy of the frontal branch of the facial nerve was observed in three patients, and a deficit is still present in one. A transient inferior orbital nerve anesthesia was found in one case (Table 5) . Orbital pulsations were always observed by the attending physicians, but the patients never complained of it. However, in spite of a low incidence of complications in our patients, study of the literature reveals that they are not rare and can be serious? 
Discussion
The transcranial extended four-wall orbital decompression which we have described has been demonstrated to be very effective in the treatment of Graves' ophthalmopathy complicated by visual loss. The cosmetic results of the procedure are less dramatic; the improvement in visual acuity was out of proportion to the improvement in the position of the globes. It is possible that fibrosis of the orbital contents may restrict recession of the globe. In spite of this, visual acuity may improve since the compressive effect of the extraocular musculature on the optic nerve is relieved by the decompression procedure. In two patients intraorbital pressures were monitored during surgery and decreased l0 and 20 mm Hg after decompression. Inevitably, the response of the visual acuity to surgery is the decisive factor in judging the efficacy of the operation.
The procedure described here allows a simultaneous bilateral approach to the orbits with maximal exposure of all four orbital walls. In addition, the frontal sinuses can be ablated, providing more room for safe decompression. Through this approach, the degree of decompression may be tailored to the requirements of each individual case. Previous transcranial orbital decompression centered on removing the roof of the orbit did not include the area of the frontal sinus. When the frontal sinus is ablated, as in these cases, it creates another empty space into which the orbital contents can herniate. Without removing the frontal sinus, the orbital contents herniate into a space which is filled by brain tissue.
Decompressive surgery does not predictably improve double vision, which relates to extraocular muscle abnormalities. Preoperatively, there were five cases of diplopia; two of them were worse after surgery, but this was transient and recovery was complete. In one patient, the worsening of double vision was related to marked improvement of visual acuity in a nearly blind eye.
It is important to note that the presence of extremely poor visual acuity preoperatively does not predict a poor outcome. Six of our patients had vision worse than 20/200 in at least one eye; postoperatively, only one (Case 7) had 20/200 vision in an eye with a preexisting cataract. In no case was visual acuity made worse by surgical intervention.
As noted above, the cosmetic results of the operation
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have not been as good as the dramatic results on the visual acuity. In part, this relates to persistent lid lag. The cosmetic effect may be improved by local ophthalmic procedures such as excising Miiller's muscle or lengthening the levator palpebrae superioris muscle. In agreement with Trobe, et al., 27 we have not recommended surgical intervention for a patient with ophthalmic Graves' disease who has stable visual acuity better than 20/30. Instead, we have elected to observe these patients closely, in conjunction with our ophthalmological colleagues. Continued observation is necessary due to the small but definite risk of an acute deterioration in visual function. Surgical intervention remains a last resort, after it has been conclusively demonstrated that medical treatment has failed to alleviate the visual symptoms and signs. The operation described is no more complicated, in terms of morbidity, than the one-, two-, or three-wall decompression procedures reported previously. It allows for maximal optic nerve decompression with risks that are as low or lower than those associated with lesser procedures.
